Human papillomavirus (HPV) infects cervical epithelial cells through cellular membrane receptors, and then induces the initiation and progression of cervical cancer. Single nucleotide polymorphisms (SNPs) may impact the susceptibility and outcome of diseases, but it's still unknown whether variant in HPV receptor and associated genes is associated with type-specific HPV infection and cervical lesion progression. We examined 96 SNPs in 8 genes which may participate in the HPV infection process in 875 samples with HPV negative or single HPV16, 18, 52, 58 positive from 3299 cervical exfoliated cell samples, by Illumina BeadXpress VeraCode platform, and analyzed the correlation between the SNPs and type-specific HPV infection and cervical lesions progression. We found rs28384376 in EGFR and rs12034979 in HSPG2 significantly correlated to HPV16 infection; rs2575738, rs2575712, rs2575735 in SDC2 and rs6697265 in HSPG2 significantly correlated to HPV18 infection; rs10510097 in FGFR2, rs12718946 in EGFR significantly correlated to HPV52 infection; rs4947972 in EGFR, rs2981451 in FGFR2, rs2575735 in SDC2 significantly correlated to HPV58 infection. And rs3135772, rs1047057 and rs2556537 in FGFR2, rs12034979 in HSPG2, rs16894821 in SDC2 significantly correlated to cervical lesion progression induced by HPV16 infection; rs6697265 and rs6680566 in HSPG2, rs16860426 in ITGA6 by HPV18 infection; rs878949 in HSPG2, rs12718946 and rs12668175 in EGFR by HPV52 infection; no SNP by HPV58 infection. Our findings suggest that HPV receptor and associated gene variants may influence the susceptibilities to HPV type-specific infection and cervical lesion progression, which might have a potential application value in cervical cancer screening and therapy.
INTRODUCTION
Cervical cancer is the second most common cancer among women, with more than 527,624 new cases and 265,672 deaths [1] , in the world. Among these, 85% of the cervical cancer cases occur in developing countries [2] . The etiology of cervical cancer has already been identified, that is, persistent infection of high-risk HPV is a causal factor for cervical lesions and cervical cancer [3] . So far, there are 160 genotypes HPV have been found, among those, 13 high-risk types are related to the development of cervical cancer [4] . However, infectious frequency of each high-risk type is not same, and HPV16 and 18 are most common. In the worldwide, the prevalence of HPV16 and 18 in women with normal cytology are 2.8% and 1.1%, while the prevalence of HPV52 and 58 are 1.5% and 1.0%,
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respectively. Additionally, the prevalence of HPV 52 and 58 in normal cytology in China and East Asia appears some higher, accounting for 2.8% and 1.7%, than that in western areas [1] .
The differences of HPV genotype distribution are also found in different grades of cervical lesions. A metaanalysis showed that HPV16 positivity was gradually increased from normal/ASCUS/LSIL/CIN1 (20-28%), through CIN2/HSIL (40/47%) to CIN3/ICC (58/63%) [5] . Another study revealed that HPV16 and HPV18 were 2-fold and 1.5-fold, respectively, more common in SCC than those in HPV-positive LSIL, while HPV52 and 58 were less common in SCC compared with HPV-positive LSIL, with SCC/LSIL ratios of 0.28 to 0.85 [6] . Those different distributions of HPV genotypes represent the different infectious and carcinogenic potentials of HPVs, but it is still unknown whether they are also related to the genetic susceptibility of individual to HPV type-specific infection.
Previous studies have revealed that viruses infect host cells through the relevant receptors, such as herpes virus entry mediator(HVEM) for Herpes virus, CD4, as well as CXCR4 and CCR5, for HIV [7] , and sodium taurocholate cotransporting polypeptide (NTCP) for HBV [8] . Further, researches also show that single nucleotide polymorphisms (SNPs) in virus receptors can affect the infection process and outcome of pathogens. For example, a mutation in the chemokine receptor CCR5-Δ32, a co-receptor for macrophagetropic (M-tropic) HIV-1 strains, can increase the host tolerance and promote the progression of the disease [9] , and SNPs in syndecan 2 gene were associated with HIV DNA levels [10] . It has been known that multiple receptor engagements are involved in the process of HPV infecting human cervical epithelial cells [11] [12] [13] [14] [15] [16] . According to studies on HPV16, virion binds to heparin sulfate proteoglycans (HSPGs) on either the epithelial cell surface or basement membrane through interactions with the L1 major capsid protein [17] [18] . Growth factor receptors become activated through HSPG/growth factor/virion complexes that initiate signaling cascades during early virion-host cell interactions. After binding to HSPGs, virion undergoes conformational changes, leading to isomerization by cyclophilin B and proprotein convertase(FURIN) mediated L2 minor capsid protein cleavage that increases L2 N terminus exposure. Along with binding to HSPGs, virion binds to alpha 6 integrins, which initiate further intracellular signaling events. Following these primary binding events, HPV16 binds to a newly identified L2-specific receptor, the annexin A2 heterotetramer. Therefore, as opposed to a sequential handoff of the virion from one receptor to another, we hypothesize that a receptor complex coalesces and includes HSPGs(HSPG2 and SDC2), CyPB(PPIB), alpha 6 integrin(ITGA6), tetraspanins(TSPAN1), GFR(EGFR and FGFR2) and A2t. Thus, we selected eight genes, which have been identified as mainly molecules involved in HPV infection process, into our study. The eight genes included EGFR, PPIB, HSPG2, FGFR2, FURIN, ITGA6, TSPAN1 and SDC2). Considering the association of individual SNP with pathogen infection and disease outcome, we assume that SNPs in HPV receptor and associated genes may influence the susceptibility to type-specific HPV infection and cervical lesions progression.
Thus, we selected 96 single-nucleotide polymorphism (SNP) sites in the eight genes that were reported to be involved in the process of HPV infection using the haploview software, and evaluated the correlation between the distribution frequency of various SNP sites and type-specific HPV infection and cervical lesion progression in four common HPV genotypes (HPV16/18/52/58) in China and East Asia. Our study aimed to find out the genetic susceptibility to type-specific HPV infection and cervical lesion progression and search for a novel strategy for cervical cancer prevention or therapy.
RESULTS

The age distribution in the samples
The median age of 875 women whose cervical samples were collected was 41 yrs (21- Table 1A .
Genotypes
Compared with HPV negative in the normal samples, there were two susceptible SNP genotypes "AA" of 28384376 (OR: 21.32744, 95%CI: 1.621665-1158.865, (Table 1B) .
Haplotypes
Compared with HPV negative in the normal samples, there were two critically susceptible haplotypes "GGGG" (Freq(case)= 0.09, Freq (control)= 0.032, χ 2 =4.149, Chi square's P value =0.0417, Fisher's P value =0.059048) and "GGAA" (Freq(case)= 0.037, Freq (control)= 0.006, χ 2 =4.395, Chi square's P value =0.0361, Fisher's P value =0.096763) in block 10 (rs2912780, rs2981578, rs2981575, rs2936870) in FGFR2 gene and one critically protective haplotype "GA" (Freq(case)= 0.161, Freq (control)= 0.287, χ 2 =3.876, Chi square's P value =0.049, Fisher's P value =0.051813) in block 7 (rs2464474, rs16894821) in SDC2 gene in HPV16 positive group. There was one susceptible haplotype "GGG" in block3 (rs4654773, rs6697265, rs6658920) (Freq(case)= 0.587, Freq (control)= 0.414, χ 2 =4.93, Chi square's P value =0.0264, Fisher's P value =0.0386) and two protective haplotypes "GGA" in block2 (rs2254357, rs878949, rs6680566) (Freq(case)= 0.108, Freq (control)= 0.243, χ 2 =4.209, Chi square's P value =0.0402, Fisher's P value =0.040537) and "GGAGA" in block1 (rs7518070, rs4654771, rs3767137, rs12117402, rs2305562) (Freq(case)= 0.043, Freq (control)= 0.157, χ 2 =4.26, Chi square's P value =0.039, Fisher's P value =0.042397) in HSPG2 gene in HPV18 positive group. There were two susceptible haplotypes "GGGAA" (Freq(case)= 0.225, Freq (control)= 0.148, χ 2 =4.164, Chi square's P value =0.0413, Fisher's P value =0.043573) in block 1 (rs7518070, rs4654771, rs3767137, rs12117402, rs2305562) and "GGA" (Freq(case)= 0.333, Freq (control)= 0.244, χ 2 =3.958, Chi square's P value =0.0466, Fisher's P value =0.05283) in block2 (rs2254357, rs878949, rs6680566) in HSPG2 gene in HPV52 positive group. There was one susceptible haplotype "GC" (Table 2B) . (Table 2C) .
Taken above results together, some variants in HPV receptor and associated genes were found to be associated with cervical lesion progression induced by type-specific HPV, including FGFR2, HSPG2 and SDC2 with HPV16, ITGA6 and HSPG2 with HPV18, and EGFR and HSPG2 with HPV52, but no with HPV58.
DISCUSSION
It is well known that the occurrence and development of human cervical cancer are related to high-risk HPV infection. HPV 16 binds to heparin sulfate proteoglycans (HSPGs) on either the epithelial cell surface or basement membrane through interactions with its L1major capsid protein, and afterwards HSPG/ growth factor/HPV16 complexes activate growth factor receptors which initiate signaling cascades during early virion-host cell interactions [13] . After HPV enters the cell nucleus, E2 ruptures during the virus gene duplication, which helps the virus to integrate into the host cell chromosome, and consequently the over-expression of E6/E7 gene leads to the development of cervical cancer [19] [20] [21] . Although the mechanisms by which HPV induces cervical carcinogenesis have been described already, it is still unknown that the relationship between the variants in HPV receptor and associated genes and the susceptibility to type-specific HPV infection and cervical lesions progression. A haplotype-based association analysis is an increasingly accepted approach for genetic association studies [22] , thus we firstly performed a haplotype-based study to analyze the relationship between HPV receptor and associated gene variants and the susceptibility to typespecific HPV infection and cervical lesion progression in Chinese women.
In an analysis on the susceptibility of HPV receptor and associated gene variants to type-specific HPV infection, we found two susceptible SNP sites rs28384376 in EGFR gene and rs12034979 in HSPG2 gene, and two susceptible genotypes "AA" of rs28384376 and "AG" of rs12034979, and two risk haplotypes "GGAA" and "GGGG" in block10 (rs2912780, rs2981578, rs2981575, rs2936870) in FGFR2 gene and one protective haplotype "GA" in block7 (rs2464474, rs16894821) in SDC2 gene in HPV16 positive group, suggesting the genetic variants in EGFR, HSPG2, FGFR2 and SDC2 genes may be associated with type-specific HPV16 infection. The differences of haplotype frequency distributions in target genes between cases and controls were significant by χ 2 test (p<0.05) while not by fisher's test (p>0.05), suggesting that each kind of haplotype may be susceptible to type-specific HPV16 infection and there is no dominant susceptible or protective haplotype. The OR of rs28384376 and rs12034979 are 2.642 and 3.114 respectively, and there was no protective SNP site except for one critical haplotype. All those phenomenons might be employed as an explanation that HPV16 possesses the highest prevalence among all high-risk genotypes in the worldwide. Again we found three susceptible SNP sites rs2575738 and rs2575735 in SDC2 gene and rs6697265 in HSPG2 gene, and one protective SNP site rs2575712 in SDC2 gene, and three susceptible genotypes "AA" of rs2575738 and "GG", "GC" of rs6697265, and one susceptible haplotype "GGG" in block3 (rs4654773, rs6697265, rs6658920) and two protective haplotypes "GGA" in block2 (rs2254357, rs878949, rs6680566), "GGAGA" in block1 (rs7518070, rs4654771, rs3767137, rs12117402, rs2305562) in HSPG2 gene in HPV18 positive group, suggesting that genetic variants in HSPG2 and SDC2 genes are associated with type-specific HPV18 infection. Similarly, there was one susceptible SNP site rs10510097 in FGFR2 gene and one protective SNP site rs12718946 in EGFR gene, and one protective SNP genotype "GG" of rs12718946; and two susceptible haplotypes "GGA" in block2 (rs2254357, rs878949, rs6680566), "GGGAA" in block1 (rs7518070, rs4654771, rs3767137, rs12117402, rs2305562) in HSPG2 gene in HPV52 positive group, suggesting that genetic variants in HSPG2, FGFR2 and EGFR genes are associated with type-specific HPV52 infection. And again, there was two susceptible SNP sites rs4947972 in EGFR gene and rs2575735 in SDC2 gene and one protective SNP site rs2981451 in FGFR2 gene, and one protective SNP genotype "AA" of rs2981451, and one susceptible haplotype "GC" and one protective haplotype "GA" in block8 (rs3135761, rs2981451) in FGFR2 gene in HPV58 positive group, suggesting that genetic variants in EGFR, SDC2, and FGFR2 are associated with type-specific HPV58 infection. Thus, variants of HPV receptor and associated genes in SNP sites, genotypes and haplotypes may influence significantly the susceptibility of the individual to type-specific HPV18, 52 and 58 in Chinese women, but seems unobvious to type-specific HPV16 infection.
Furthermore, we analyze the correlation between HPV receptor and associated gene variants and cervical lesion progression in each single HPV positive group. In HPV16 positive group, there were two susceptible SNP sites rs2556537 and rs1047057 in FGFR2 gene, and three protective SNP sites rs3135772 in FGFR2 gene, rs12034979 in HSPG2 gene and rs16894821 in SDC2 gene, and two susceptible SNP genotypes "GG" of rs2556537 and "AG" of rs1047057 and four protective SNP genotypes "AA", "AG" of rs3135772, "AG" of rs12034979, "GA" of rs16894821, and one 
MATERIALS AND METHODS
Sample collection
Totally 3299 residual cervical exfoliated cell samples were primarily collected from women with various gynecologic disorders who underwent primary HPV testing, HC2 or Cervista test, in Clinic of Gynecologic Oncology of Women's Hospital, Medical School, Zhejiang University from October 2012 to May 2015. Of HPV positive samples, those were excluded just as follows: 1) other than A7/9 positive tested by Cervista, 2) previous surgical or physical therapy to cervix, 3) cervical infection by other pathogens, such as HIV, Syphilis, and Candida, 4) incorporative immune disease or use of immunosuppressive agents, 5) incorporative other malignant tumors, 6) incorporative pregnancy. HPV genotyping was performed for the remaining HPV positive samples using HybriBio's proprietary flowthrough hybridization technique, and the single HPV16, 18, 52, 58 positive samples were selected for study. All HPV negative samples were identified by no bands on agarose gel electrophoresis after PCR amplification using HPV L1 consensus PCR primers (primers MY09 and MY11). After the samples with not-enough remaining cells, HPV genotype failure, and unqualified DNA were further excluded, 875 samples were finally enrolled into the study, include 214 HPV negative, 294 single HPV16 positive, 55 single HPV18 positive, 155 single HPV52 positive, and 157 single HPV58 positive. All the samples had the histological diagnosis, and the diagnostic criteria were followed by the American Society for Colposcopy and Cervical Pathology (ASCCP) 2006 guidelines [23] . Sample collection for the study was approved by the Ethics Committee of the Hospital. PPIB, HSPG2, FGFR2, FURIN, ITGA6 , TSPAN1 and SDC2) were genotyped. Validated tagSNPs were selected with a MAF > 5% in the HapMap Asia population. SNPs that satisfied the following criteria were considered for detection: 1) tagSNPs were preferentially selected, 2) those SNPs were previously reported to be frequent in Chinese population (http://www.ncbi.nlm.nih. gov/snp). The total genomic DNA was extracted from the cervical exfoliated cells using KoningTM Mutisource Genomic DNA Extration Kit-Mini and PureLink® Genomic DNA Kits (invitrogen). The DNA concentration was detected, agarose gel eletrophoresis was run and the final concentration was quantified to 50 ng/μl. All the SNPs were genotyped by Illumina BeadXpress VeraCode platform (USA), according to the manufacturer's protocol.
HPV test and genotyping
Statistical analysis
All statistical analyses were performed using PLINK version 1.07 [27] . All p values in this study were two-sided by CHISQ and fisher test [28] . A p<0.05 was considered as the threshold for statistical significance. Allele frequencies, genotype frequencies and haplotypes frequencies for each SNP of all the subjects were compared using the CHISQ and fisher test. ORs and 95% CIs were calculated by unconditional logistic regression analyses adjusted for age [29] . Genotypic frequencies in control subjects for each SNP were tested for departure from HWE using an exact test. Each HPV16/18/52/58 group was divided into two subgroups according to the pathological grade(≥HSIL and ≤LSIL) for analyzing the correlation between SNPs and lesion progression. Population was not stratified because all participants' ethnicity was Han Chinese.
